Abstract
Introduction
Papillary thyroid cancer (PTC) is the most common form of thyroid cancer, comprising approximately 80% of all thyroid cancers [1, 2] . Chronic lymphocytic thyroiditis (CLT) is an autoimmune disease characterized by widespread lymphocytic infiltration, fibrosis, and late-stage parenchymal atrophy of thyroid tissue. It is the most common inflammatory disorder of the thyroid gland [3] .
The association between CLT and PTC was first described by Daily et al. in 1955 [4] . Since then, the association between both diseases has remained controversial, and the percentage of PTC patients with CLT has been reported to range from 0.5 to 38% [4] [5] [6] . The pathogenic mechanism explaining why PTC and CLT develop concurrently remains controversial, although a number of DOI: 10.1159/000486367 theories have been suggested. One suggestion is that CLT may represent the host's immune response to preexisting PTC. Conversely, PTC may be induced or triggered by preexisting CLT. Alternatively, both diseases may result from an imbalance between apoptotic and antiapoptotic pathways [7] .
Several previous reports have shown that the coexistence of CLT with PTC is associated with a better prognosis, a lower recurrence rate, and a less aggressive clinical presentation [5, [8] [9] [10] [11] . However, other investigators have reported that the coexistence of CLT has no protective effect on patient outcome [12, 13] .
The aim of this study was to determine differences in clinicopathological variables related to the prognosis of PTC patients with or without concomitant CLT.
Patients and Methods
This study was a retrospective analysis of PTC patients seen in McGill University-based hospitals in the city of Montreal (QC, Canada).
In September 2011, we reviewed the thyroid cancer database of 2 co-investigators (Juan Rivera and Richard J. Payne). Patients who were included in the analysis were recruited between 2006 and 2011. Only patients with PTC were included, whereas all other types of thyroid cancer were excluded. PTC patients with autoimmune diseases other than CLT and patients with a history of radiation exposure were also excluded.
Following ethics committee approval, the medical records of the patients were reviewed, and clinicopathological parameters, including age, gender, tumor size, multifocality, vascular invasion, capsular invasion (CI), extrathyroidal extension (ETE), and lymph node (LN) and distant metastases, were analyzed according to the presence or absence of CLT.
Initial Treatment of the Patients
Total thyroidectomy was performed in all patients with malignancy or suspicious for malignancy confirmed by preoperative fine-needle aspiration biopsy. Patients in whom the initial surgical procedure was lobectomy underwent completion thyroidectomy after histopathological confirmation of PTC. Ipsilateral central LN dissection was performed in all patients. If the patient had evidence of lateral LN metastases in the preoperative evaluation, modified lateral neck dissection was performed. Radioactive iodine (RAI) was given within 6-12 weeks after surgery. Indication for RAI ablation was based on 2006 and 2009 American thyroid association guidelines [14, 15] . A post-ablation scan was taken 5-7 days following RAI therapy. All patients received suppressive treatment with levothyroxine. Patient follow-up was based on physical examination, neck ultrasound (US), and serum thyroglobulin and thyroglobulin antibody (TgAb) measurements at intervals 6-12 months and iodine whole-body scan 9-12 months after RAI treatment.
Definitions
CLT was defined histologically as diffuse lymphoplasmacytic and plasma cell infiltration, lymphoid follicle formation with germinal centers, varying degree of fibrosis, parenchymal atrophy, and the presence of large follicular cells with abundant oxyphilic cell changes [5] .
Disease persistence was defined as persistently elevated thyroglobulin or a positive neck US or whole-body scan 6-12 months after RAI ablation. In patients with positive TgAb, disease persistence was defined as a positive finding in neck US or iodine wholebody scan 6-12 months after ablation or failure of TgAb to decline >50% versus the baseline value [16] .
Recurrence was defined as the reappearance of disease after complete ablation of thyroid remnants either biochemically by elevated thyroglobulin or TgAb or structurally by a positive finding in neck US or whole-body scan.
Laboratory Studies
Thyroglobulin level was measured by the chemiluminescence assay (Immulite 2000, Siemens Corp). The functional sensitivity for the thyroglobulin assay was 0.9 µg/L, and the analytical sensitivity was 0.2 µg/L. TgAb levels were also determined by a chemiluminescent assay (Immulite 2000 Anti-Tg Ab; Siemens) and considered negative when <20 IU/mL.
Statistical Analysis
Associations between variables were analyzed using contingency tables and the χ 2 test. Accordingly, the Wilcoxon rank sum test was used to compare continuous variables, such as age and tumor size, between subgroups. The relative importance of prognostic factors was presented as odds ratios and 95% confidence intervals. The difference between 2 values was considered significant when p < 0.05. All tests were performed using SAS 9.2 (SAS Institute, Inc., Cary, NC, USA).
Results
Among the 475 patients, 166 (35%) had coexistent CLT. The mean age of patients with and without CLT was 48 ± 13.8 and 49.3 ± 13.9 years, respectively. Female gender was more prevalent in the CLT group (88%) (p = 0.06). The mean tumor size was 1.96 ± 1.53 cm in patients with CLT and 2.06 ± 1.62 cm in patients without CLT. TgAb were present in 18.7% of patients with PTC only and in 42.2% of patients with PTC and CLT. The mean follow-up with and without CLT was 24.6 months (range 6-80) and 25.5 months (range 6-81), respectively ( Table 1) .
Effect of CLT on the Whole Group
There was a significantly higher proportion of patients in the CLT group who presented with TNM stage I (p = 0.027) and a lower proportion of patients with CLT who presented with disease persistence (p = 0.014). There was a trend towards more multifocal tumors in patients with CLT than patients without CLT (49.4 vs. 41.1%, respectively; p = 0.08), and a trend towards larger tumor size in Eur Thyroid J 2018;7:95-101 DOI: 10.1159/000486367 patients with PTC only (p 0.08), but this trend did not reach statistical significance. There was no difference between the 2 groups regarding the prevalence of vascular invasion or CI, ETE, LN, or distant metastasis, and aggressive histological subtypes (Table 1) , and in the MACIS score (Table 2) .
Changes in the Thyroglobulin Level during Follow-Up
Among patients with persistent disease, TgAb tests were positive in 5 patients in the PTC-only group (20.3%) and in 3 patients (100%) in the PTC-CLT group. In 3 of those patients, TgAb level failed to decline and in 5 patients TgAb level increased during follow up; in all of those 8 patients, disease persistence was confirmed by a positive finding in neck US or iodine whole-body scan.
Among patients with disease recurrence, the patient with recurrence in the PTC-only group had negative TgAb. In the PTC-CLT group, 1 of the 3 patients with recurrence had positive TgAb. This patient was operated in 2007, and initial evaluation showed declining TgAb level as well as negative neck US and iodine whole-body scan; however, 3 years later, TgAb started to rise. Structural recurrence was confirmed by neck US (PTC metastasis to lateral cervical LN confirmed by fine needle aspiration biopsy), which was confirmed histologically after LN dissection.
In the remainder of the patients with positive TgAb (53 patients in the PTC-only group and 66 patients in PTC-CLT group), TgAb level decreased during follow-up and disappeared in patients followed up for >3 years (35%). 
Effect of CLT in Patients >45 Years
There were 269 (56.6%) patients >45 years, among whom 88 (32.7%) were in the PTC-CLT group and 181 (67.3%) were in the PTC-only group.
There were significantly fewer patients with persistent disease in the PTC-CLT group compared with the PTConly group (0 vs. 8.29%, respectively; p = 0.03), and a lower incidence of CI in the PTC-CLT group compared with the PTC-only group (21.6 vs. 33.2%, respectively; p = 0.05) ( Table 3) .
Effect of CLT in Patients <45 Years
There were 206 (43.4%) patients <45 years: 128 patients (62.1%) in the PTC-only group and 78 (37.9%) in the PTC-CLT group.
There was a significant number of patients in the PTC-CLT group with CI (p = 0.003) and ETE (p = 0.004). In addition, the PTC-CLT patients tended to have multifocal disease (p = 0.001). There was a trend for PTC-CLT patients to have more LN (p = 0.099) and lateral LN metastases (p = 0.05) ( Table 4) .
Discussion
The protective effect of CLT in PTC has long been a matter of debate. Several previous reports have shown that the coexistence of CLT with PTC is associated with a better prognosis, a lower recurrence rate and less aggressive clinical presentation [5, [8] [9] [10] [11] . However, other investigators have reported that the coexistence of CLT has no protective effect on patient outcome [12, 13] . Factors that could explain the contradictory results from different studies include differences in the definition of CLT, poor reporting on the presence of CLT in subjects where the dominant finding is PTC, and differences in the impact of CLT on different age or ethnic groups [5, 9] .
In our study, 35% of patients with PTC had lymphocytic thyroiditis, a frequency that is consistent with other reports (0.5-38%) [5, 6, 17] . We also found that patients with PTC and CLT presented at a younger age and had a greater female preponderance. This result is consistent with other reports [5, 18] . The coexistence of CLT was associated with fewer patients with persistent disease and a larger number with early-stage disease. However, when we analyzed the data separately based on age, we found that in patients >45 years, those with CLT had significantly less persistent disease and a lower incidence of CI. However, in the group of patients <45 years, the presence of CLT was associated with more CI and ETE. Further- more, in this age group, PTC associated with CLT tended to be multifocal. However, there was no effect of the distant metastases, disease persistence, or recurrence.
Our results from patients >45 years are in agreement with the emerging literature that suggests a protective effect of CLT in patients with PTC. In a large retrospective study, Bie-Yu et al. [11] reported a higher percentage of TNM stage 4 in PTC-only patients (p = 0.0459) and a higher recurrence rate (p = 0.0148). The thyroid-cancerspecific survival rate for PTC-only patients compared with PTC-CLT patients was 95.7 and 98.7% at 10 years and 91.8 and 98.7% at 20 years, respectively. Another large study by Kashima et al. [5] reported a 0.7% cancerspecific mortality rate and a 95% relapse-free 10-year survival rate in patients with CLT compared to a 5% mortality and 85% relapse-free 10-year survival rate for those without CLT. Furthermore, CLT patients tended to have less frequent ETE (p = 0.0029) and frequent intrathyroidal multiple lesions (p = 0.018). Loh et al. [8] found that patients with CLT had a lower frequency of ETE (7.8 vs. 23.3%) and nodal metastases (25.8 vs. 43.3%) and an absence of distant metastases (0 vs. 4.8%) compared with patients without CLT. Compared with patients without CLT, in those with CLT cancer recurrence (6.3 vs. 24.1%; p < 0.0001) and cancer mortality rate were significantly lower (0.8 vs. 8%; p = 0.001). These studies differ from our study, as they had a larger sample size and a longer duration of follow-up.
Singh et al. [12] reported that coexistent Hashimoto thyroiditis did not alter the prognostic variables at the time of diagnosis of PTC or the approach to management. However, a meta-analysis suggested a positive correlation between CLT and the length of disease-free survival. Kebebew et al. [10] reported that 56% of patients with PTC and CLT had multicentric PTC compared with 25.3% of the patients without CLT (p < 0.001). There was no significant difference in tumor size, LN metastases, distant metastass, or the incidence of recurrent or persistent disease among the patients with PTC and CLT compared with patients with PTC only.
Hypotheses concerning the mechanism by which PTC with CLT leads to a better prognosis have been addressed in different ways. Giordano et al. [19] reported that follicular cells in CLT express both FAS (apoptosis antigen 1) and FAS ligand, which are thought to activate the FASmediated apoptosis pathway, causing the destruction of the thyroid tissue as well as promoting cancerous growth. The immune response in CLT may lead to the destruction of thyroid tissue. Coexisting CLT in patients with PTC may be involved in the destruction of tumor cells in much the same way as in patients with advanced CLT. Such an immune response against the tumor may be associated with less aggressive biological behavior in patients with PTC and CLT. Kimura et al. [20] reported that interleukin-1 secreted by infiltrating lymphocytes inhibits human thyroid carcinoma cell growth. In studies on BRAF v600E, Kim et al. [21] reported a significantly lower prevalence of BRAF mutations in patients with PTC and Hashimoto thyroiditis, suggesting that Hashimoto thyroiditis is less likely to be associated with a poor prognostic outcome.
Muzza et al. [22] investigated the relationship between histological and clinical features (including outcome) of PTC and the expression of inflammatory-related genes, e.g., the expression of genes encoding interleukin-8 (CXCL8) and chemokine ligand 20 (CCL20), in samples from PTC, thyroiditis, and normal thyroid tissue. PTC specimens showed a significantly greater expression of CCL20 and CXCL8 with respect to both normal thyroid and thyroiditis tissue. Interestingly, these differences were independent of the specific genetic lesion harbored by the tumor (BRAF, RET/PTC, or unknown genetic alterations) and of the presence or absence of associated autoimmune thyroiditis. Since CXCL8 recruits leukocytes and promotes angiogenesis, its role in tumor invasion and metastatic spread appears to be reasonable. However, no association between CXCL8 expression of and tumor staging or patients' outcome was found, likely because of the poor aggressive behavior of PTC [23] .
A possible explanation for the controversy regarding the effect of CLT in the outcome of PTC might be related to the subtypes of lymphocytes present in the background thyroiditis. Cunha et al. [24] found that the presence of CD68+, CD4+, CD8+, CD20+, FoxP3+, and Th17 lymphocytes, but not MDSCs (myeloid-derived suppressor cells), was associated with clinical and pathological features of lower tumor aggressiveness and a more favorable patient outcome.
No previous study has demonstrated the effects of CLT stratified by age. This is the first report suggesting that the potential protective effect may be attenuated in younger patients. A possible explanation is that more locally spread PTC (multifocal, with CI and ETE) in younger patients may trigger the immune response resulting in CLT. Alternatively, CLT may just be a common bystander with little impact on PTC outcome.
While younger age was found to be associated with more CI and ETE in our patients with PTC and CLT, the prognosis of PTC is better in younger patients irrespective of whether they had CLT or not as manifested in our Eur Thyroid J 2018;7:95-101 DOI: 10.1159/000486367 study by early-stage disease, lower MACIS score, and lower persistent and recurrent disease in comparison to older patients (Tables 3, 4 ).
In conclusion, our study showed that concomitant CLT and PTC is associated with a better clinical stage and lower disease persistence. However, this protective effect was not found in patients <45 years.
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